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& Temperature of the Disk.
&o Initial Temperature of Disk.
^ Temperature of Barrel.
d> Initial Temperature of Barrel,
p Mass Density of Piston Material.
T Time
b Thickness of Barrel Wall.
Cp Specific Beat at Constant
Pressure of Piston Ifeterial
P Degrees Fahrenheit
h^ Eeat-transfer Coefficient from
Gas to Upper Surface of Disk
hg Heat-transfer Coefficient from
outside surface of barrel into
media beyond the surface
1 Square Root of Minus One
Jq Bessel function of the First
Kind of Order Zero
J", Bessel function of the First
Kind of Order One.
k Thermal Conductivity of Piston tit
Material B hr"-"- ft"-^ P'"*-
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Rq Outside Radius of Disk ft
Ri Inside radius of Disk ft
t Temperature, Standard Scale P
tg Initial temperature of Piston P
Ta Temperature of Cooling Medium
Surrounding Barrel. F
Tgas Gas Temperature P
Tm Mean Temperature of Gases of
Combustion. P
Tq Amplitude of Gas Temperature
Fluctuation. P
Yq Bessel Function of the second
Kind of Order Zero.
Y^ Bessel Function of the second
Kind of Order One.
z Length Measured from Tom of Disk
Downwards. ft
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The objective of this work was to establish by
annalytical means the temperature distribution in an
internal combustion engine piston. For this purpose the
piston was divided into a disk and a barrel, for which
boundary conditions were expressed for the exterior
surfaces and a common conical surface. The problem was solved
in two parts t first, a solution was found for the case where
the gas temperature was assumed representable by an average
temperature; this solution was then modified to account
for a sinusoidal fluctuation of gas temperature.
The resulting temperature distribution, within the
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Upon analyzing a piston of an Internal combustion
engine with a viewpoint to understanding its behaviour
as a heat dissipating member of the engine, it is readily
realized that the piston absorbs a certain amount of heat
through the upper surface of its crown. This heat is partly
stored in the body of the piston until it reaches its steady
state temperature; at the same time there is heat dissipation
from the outside surface of the barrel and rings and also
through its Inside surfaces. After the steady state is
reached, all heat absorbed must be dissipated through these
surfaces.
According to 0. L. Adams (1), five percent of the heat
liberated by the combustion of the fuel must pass through
the piston crown surface into the piston. Of this heat, ten
percent is dissipated by the lower surface of the crown of
the piston, as stated by J. L. Hepworth (5)»
Radiation from the gases into the piston only takes
place through a very small portion of the time cycle and
it amounts, according to B. Pinkel (9), to only ten percent
of the total heat being absorbed by all the metallc parts-
forming the container for the hot gases; thus it may be
seen that the heat absorbed by the piston Itself through
radiation will be a part of this ten percent depending on
the relative areas of the piston crown vi th respect to the
area of the rest of the combustion chamber. Throughout this
work it vl 11 be assumed that all heat absorption by the
cioiiBudmoo IjBmsi'n.t na 'io no^^aJtq & ^nis^^lBrtfl aoqO'
luoJtvjBried BJl gnlbn6d"ei9bn/j o;t ;tnloqw9lv b rictiw eal^ae
deed 1g ^tnijoms niB^iao b Bd''T.,oHR noiteiq sa'i isdi b^sllaei
Xl:iiaq el ^aad BldT »mioio ac^I lo ©ojalTue isqqw 9ri:t dgjjond^t
•^bBed-a adl cedoBsi ctl iJtd^ajj flojsl-q 'ad;t to Y^x^cf sdct ni bsio^te
osIb baa esni-^ DnB loi'ijad aiij lo aoBi'ijj-a sDiacri/o aciJ ihoiI
ei ©ctBcte Y^Jas^B edcf ie:tlA .aaoBliue sblenJt ail dgJ^oidit
3B9il:i ri-guoid:} bscfFO-isEib ©d .jsdth b&d'ro^c^ d^Bsd IIb ,b0rioB9i
.BSOBiiue
;jB9d srid lo ;tn90i8q svll ,(I) amBbA .J .0 ocf gnlbioooA
d^-'joidcJ esBQ rf-euni I9r.r1 sn'd lo aoicfancficoc sdrf' 7;cl bed'siecfll
nsi ,jB9d elaj lu .nojelq .sria- ocfnl aoB'i'ina nv;oio nodelq sdd"
lo nwoio eii lo goBlni/e levrol ad* -^cf be^tsqleelb el ineoisq
.(5) d;J'iowT9^ .J .1. ^d bs^Bcfs bb ^noielq gdcf
89j/Bcf Y-I^no noAtalq edJ ijoui asBBg 9ri;t moil nold'BxbBH
bna 9lo^o ©ml;* eri;* lo aol;Jr[oq XlBma ^-^isv b dsuoidrf soBlq
ctneorreq ne;t ^Ino o* ^(6) l93/nl<! .3 o;* gnJtbioooB ,B;tnm)raB ;J1
• actiflq ollB;:t9ra &d:i XIb t^"^ b9cfioedB gni:9d ^tasri iB^ocf sd* lo
©d x^^^ J-t 8ud:t ;e98B5 ;tod ©dct nol leniB^tnoo 9dd gnlmiol
dsu^i'idi 1108*1 noctfilq ©d;* ^d badiofcdB ;tB9d ©d* ;tfldi neoe
ao 3nlbn9q©b irtsbneq nscf aldct lo diBq b ©d III./ nolitBlbBi
©dJ o* io©q8©i d* iri 'nwoio no;J'Blq 9d;t lo bbsib evictbIsi adct
eld;t d^iKidswoidT .ladraado nol;teijdnioo adi lo *b9i ©dct lo B9nB
!^ ^ f vd noldqioadB iB9d 1£b iBd:t b°nnueca E»d li bv d^l jIiow
piston takes place by convection. Also all heat dissipated
by the piston vi. 11 be assumed to do so by a process of
convection.
The temperature of the gases throughout the cycle
varies widely; the temperature curves for an engine may
be obtained either experimentally by direct measurement or
annalytically from knowledge of the cycle under which the
engine is operating. In this work the temperature of the
gases will be assumed, for the sake of simplicity, to
follow a sinusoidal variation about an average temperature.
The main objective of this work will be to determine
the temperature distribution throughout the piston. For
this purpose a set of boundary conditions will be prescribed
#iich resemble as closely as possible the actual conditions
under which the piston operates.
be^iaqleeib :fSDri f.lB obIA •noU'oavrfoc vd ao^Icr eeij/sd- nod"Eiq
lo sesoonq jb '^a oe ob oi bsmuaes ad IX iiv x^ocfelq sdS x^
.aol:toevnoo
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erf;* dolrfw lebna eXo^t) Brict lo ssbsXwoniJ motl Y-C-^^^-f^^-^^^nnfl
oJ t^ctXoXXqmXe lo sj/be erict lol tbamueeB &d XXXw bqebs
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b9dXi089iq 9d XXXw Enol;tXbnoo ij;iBbn0Od lo ctee b ©eoqiuq eldit
BnoX:tXbnoo XBi;:foB edi eXdXse' ^ -^ r vJaecXo es ©Xdmseai doX chr
.e^cfB'Xsqo no^eXq ©dd' doXdw lebau
CHAPTER II
STATEMENT OP THE PROBLEM
!• Description of piston.
A piston with the characteristics shown in figure 1
was selected for analysis. The crown will be a flat disk
of uniform thickness 1. The barrel will be a cylindrical
sleeve of constant thickness b.
The boundary surface of disk and barrel will be
surface a-a as shown in figure 1. This surface will have
properties common to both disk and barrel and this will




Figure 2 shows a sketch of the temperature pattern
that a particular point of the disk is expected to follow.
This figure is given mainly to show graphically some of the
values being used throughout the development.
Figure 3 serves the same purpose as figure 2 with
relation to the barrel.
The temperature of the gases will be assumed to be;
where n will be the frequency of the cycle.
The temperature T^ surrounding the outside surface of
the barrel will be assumed constant.
The temperatures for the disk will be measured from
the level designated as in figure 2 and will be expressed
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for any point of the disk as:
The initial temperature will necessarily he a constant
and will he designated as ^o
.
The temperatures for points of the barrel ^4 11 be
measured in the j> scale of temperatures as shov/n in figure
3, where:
The initial temperature <^^, will be a constant.
It is realized that the value of Ta will initially be
equal to t^, but it is impossible with any degree of ease
to consider into the problem its initial rise from tQ to
Ta and thus it will be assumed constant and equal to T^*
After a solution is reached, the results will be
reverted to the standard level of measurement of temperatures
in degrees F. which is designated as the t scale of
temperatures.
3. Boundary conditions.
The following set of boundary conditions has been
selected
:
(a). At the lower surface of the disk, the rate of
heat rejection is ten percent of the rate of heat absorption
at the upper surface. Since the rate of heat conduction is
a function of the temperature gradient normal to the surface
considered, and if we assume the coefficient of heat conduction
to be constant throughout the piston, we may state:
6
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There will be a difference in the areas of the upper
and lower surfaces determined by the relative values of
Rq and Ri» In this work we will neglect this difference,
but it is recognized that it could be included by multi-
plying the value given as 10 by the ratio of Ri to Rq
squared
•
(b). At the upper surface of the disk the rate of
heat absorption from the gases will equal the rate of heat
conduction from the surface into the disk, or:
i^ti'Lr-'^'l'^--'^"^
'i 'i
(c). At the surface a-a the temperature of both the
disk and the barrel will be equal. Since these temperatures
will be measured from different levels, this relation may
not be used directly without introducing undesirable
constants.
Therefore it is necessary to realize that at this
boundary the isotherms from disk and barrel must coincide
and furthermore they must be continuous functions of the







isqqjj erict lo bbsijs 9rI;J al ©onaislilb b 9cf IIlw eisrlT
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L-^-.,aV'i-%,l5)i
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XBm nol:tBl9i eldiJ »Bl9V9l ctn9i9lllb moil bsiueBsm ed IIlw
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s^IlBolIodra^e b9;tfl;*B 9d ^bth eldT •&9vIovnl 89ldBliBV
:B-B 90BlliJB s^o-t^
H& "t^
^"^ L ^ : bnB
(d). The lower surface of the barrel will he assumed
insulated, or:
^] ^
(e). The inner surface of the barrel will be assumed
Insulated, or:
1+1 ^
(f ). At the outer surface of the barrel the rate of
heat rejection from the barrel into the surrounding medium
will be equal to the rate of heat conduction from the
barrel into its outer surface, or:
^inu-^'(^-'-*^'
(g ) . At time * zero, a point : z - 0, r =. 0, will be
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In solving the problem the disk and barrel will be
treated separately and the solutions matched at the surface
a-a.
Both the disk and the barrel involve heat transfer in
a cylinder; the disk may be considered as a flat solid
cylinder, )ih ile the barrel may be considered as a hollow
cylinder. Under these conditions the best solution of
Fourier* 3 Law of Conduction of Heat will be that expressed
in cylindrical coordinates:
(1)
Assuming the variables to be separable a solution as
found in Appendix I ist
From figure 2 it may be seen that the expected curves
for temperatures will be of the form:
for a particular point on the disk.
At the same time a sinusoidal variation will be applied,
which proceeding along the z-axis will be damped and out of
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1o cioliuLoB ctsed" 9r{it eaoX:tIbnoo aserf:f lebaTJ •lebnlX^o
beee9iqx© itflrict 9cr IXIw isaH "lo nolioubnoO lo wbJ e»'I91'Iuo'5
:e©cfanXbT:ooo XBolibnlX^o nl
l^
EB nolcfifXoE B eXdBiBqsB ed oi eaXcTBliBV eri;t snlmuBEA
3 8l I xlbaeqqA al basjol
B9V1U0 be^osqxe od:t ;tBdct naaB 9cr -^jam cM S 911/811 nioi'5
:nnol 9ri:J lo acf XIl-7 8 9'iu:fBi9qffl9;t lol
,3f8lb 9d^ no itnloq iBluolctiBq b io1
,b©lXqqB 9cf Lilvr nol;tBliBv XBbloaanls b smli em&B edii iA
lo cttro bnB beqniBb ed XXlw b1xb-s 9d:t gnoXB gnlbegooiq doldw
:bb riojJE miol b 9V3d bXwow nol;tuXoE nuo eiolsiedi t9eBdq
XX
9 ^$a e^\ To ^^[kr- ^j^*'^* ^
^ere cz is the phase angle and e accounts for damping*
Examining the previous equation it may be seen that
the variables z and T may not be separated as assumed in
the solution found by equation (2), and thus this equation
will not yield an exact solution.
A direct solution of the problem was attempted by the
use of Duhamel»s Theorem (3), but it was found impossible
to match the result obtained for the disk with that for
the barrel at the surface a-a.
Under these conditions it was decided to divide the
problem into one where the gas temperature was assumed to
be the average temperature T^* and then proceed to super-
impose on it the effect of the sinusoidal variation in gas
temperature.
2. Solution for the disk.
From equation (2):
e . ^ e'-^^^'^'^^^C^t^ . 2)^.J« ^o(.0*3U-J
Since 9 must be finite throughout the body:
B -
and therefore:
9 s F e'*^
* [C<-r>i)j ^ i>**- ij J nToU^'-J (3)
From boundary condition (a):
'i^y-
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• SnlqniBb tol e^nwoocB ^^~9 bnfi el^B saadq sdcT 3I so eiedw
at bemuBBB as bsJsisa?*?. ad ;fofi rBm T oftJS s eeldBliav adct
nol:tBwp9 eld^f ai/rict bnfi a 2) nolcfBjjp? ^u bniwl cioI^sjIob qiU
»not:iuLoR :toBxe nB blel^ ion IXlw
eri:t -^d bs^qras^itB sbw pieXdoiq srfd- to noJ:;tCTloa ;to9'xlb A
9ldl8«oqin.t bnuol bbw itl :tud «(e) ra?^ioeifr &HemBdt<l lo obu
lol :*Bd:t ri:i Jm 5falb 9d:t 10I b9alB:tdo liluBQi 9ri:t doctara o*
B-B eoBliuB edi is IsiiBd ad^
9ri;t 9bivlD cj ud>jjuOsb sb.v :tl eaoJtctlbnoo eeed* i9bnU
o;t b9mu8es bbw 9iir^B«i9qjBi9;t bbs ed:t e't9riw ©no o:tnl ffl9ldoiq
-i9qu8 o;t b990oiq n^cii baB ,^5? Qiif:iBi9qmBi 9sbi9vb 9dcr 9d
BBS nl nol;JsliBV iBbloBunlB 3d:J lo ^09119 9d;t il no aaoqoil
.91MC^B'I9qai9;t
• 2f8lb 9d;J 10I aoJt;ti/Ioa .S
:(S) aotiBupe nioi'i












c C^^/ -0. /
th en:





From boundary condition (b):
'3 Jsi^a<L)
(4)
coi,^^ <>. / k y
The solution of this equation for b may only be done
graphically; it will yield a series of values for b ^Ich
will be designated as t^*
Equation (4) now becomes:
^;^ue /c^A^^ t ^ '^^^.hJ J ^»^*^^ (5)
Prom boundary condition (g):
'T i. -1 - a /L ^ o B * &•











©nob ecf vTrro r^m d *iol nol,-tBtrps eJtri* to aoliisloQ oriT
ffoliiw d ^G. 39WXBV lo selids JB bLelx -^-f^w ^^ ?T-C''
"^ '
'''^siS
,^d 8B bs^BnslBsb ed IIlw
reewooecf won {h) noJt;J«ifp3
(e) e
•% .^
:(g) noi^lbnon ijiBbnjJorf nio'i'?
:(5) noIctBt/pe flJ alrf^ gnlcTu^tlcJed^ja
i- r
Therefore:
3. Solution for the barrel.
Prom Equation (2):








^^ (j.lJpJ-.rAJ * VK(AjJ





(j^zhe^^^"^ '/L^33 ^L^^3][^X^/.J^/i/K.(Aj] (7)
(8)











: ©10 191 edit
[(J\)^^* i^)^^^\{.^.^) .^ ^^^^^^^"".i'i .
^
:(e) floi-ilbnoo ^isbni/otf raoi*?
:8iol3i9rict
:(1) floldibnoo ijiabnuod raoi'5
c5l*iv\^^^
M
Solving this equation graphically for the value of f
,
a set of values fp are found that satisfy this equation,
and equation (9) becomes:




Prom boundary condition (c) at points along the





For equation (11) it is easily seen that for n-1
this suggests that as a method of approach to the




and for a particular point along the surface a-a:
£1 T^ ^ ^ vS'^ (13)
then for n = 5:
(14)
(M)
^1 lo 8x/Iflv ed:t not -^XlBolriqBiB nol^tBwpe Bidet anivIoS
^^oliBJJpe eldct ^lelcTBe itJBr{;t bnuol sib gl esuXbv 1o ^98 b
-Bsniooed (6) nolitBiLfps bnfl
(01) l^-^V^^ ;A.U^^i^-^-^Jf^cv.^^^^^^^^^393 .
^
.B-B ©oBliJje edct :i& anoJ:;tlbnoO .J^
: anl^BluitlqBOsH
: 5aB








I«n Tol ^Bdi creee ^Xlesa e.f j-f CIX^ noictBups «io'5
jB-a eoBlni/e adi gnois jaioq isinoliiaq a io1 baa
(51) 1)*
: 2 - n 'lol n8d;t
\: M
ed;J oi rioiio'iq'it ly uod:t6m b sb ctad:^ sJaosauB eldct
rsmiJBBB ew «I bna ^-g ,b lo aol^awXavs
r>r
Acceptance of this assumption involves the necessity,




where: m = p
Also, in order that the effect of time on the tempera-
ture be equal for the same point on the surface a-a as
approached by either equation (6) or (10), that:
fp = a




This equation is valid for points along the surface
a-a, ^ ere: i
yfi^^~^)
and should yield the values of Pp.
Now, the replacement of equation (15) into equation
(14) will yield an equation in terms of trigonometric and
Bessel functions of r, valid for values of r ranging from
Rl to Rq. Since this equation may not be simplified to any
appreciable extent, it has been considered more advisable
to replace the values of z and r of a particular point
along the surface a-a, such that:
z =i/2 ria
r = (Ri Ro)/2 =- Ra
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,"^;tieB90©n arfiJ eevlovnl nol;*qfflt/B8JB slri^ to ©onactqsooA
q- » m"^
q = m leierfir
-Bieqras^t sdcT no 9mt^ lo cfoalla ©dd' iad^i isfoio ni tOslA
Bfi fl-B soBliuB edd no dnloq amBs edd lol iBupe sd eiud
:;*Bddf ,(0I) lo (6) not;"?^up3 laddla ^cf bsrioBo^qqB
B = qi
: ball 9w ,(5I) noJt^Bup© o:t noJt;*Ibnoo BJtdrf gnl-^IqqA
: eiodw
q s ffl
eoBlii/e 9d:t gnolB acfnloq lol bllsv zl aotiaupB eldT
.q*I lo eenlBV eciii blatx blwode 5nB
nolctBwpe o;tnjt (51) noldsjjps lo ^nepieoBlqei add ,wolI
bnB olid 9010no §1*1 j- lo emned nl nolctBupe hb blal^ IIlw (^X)
moil snlgnai i lo seulBv lol btlav ,n lo enotioar/t Iseeaa
XCiB oi bellllqfflle sd ;Jon \:Bm noldsjups etdi aonlS .qH oi Ifl
QL6BBtvb£ eiom baieblanoo need esd -^ ? ,;tne;txe eXdBl oaiqqa
;tnloq •iBXjjol;tiBq b lo i bnB s lo csSjjXbv add ©oBXqsi oi
: :^Bdd doue ^b-b aoBlni/e add snoXa
bR - S\(o^ IH) = 1
ar
then we find r
(16>
where: m s p
If now in equation (12) for n = 1 this same point in
the surface a-a is investigated:
Equations (16) and (17) should give the same value
for Pp. There is no way of proving that this will be so
except by working out a particular problem. If in so doing
it is found that the values of Pp satisfy simultaneously
both equations, this will then mean that the assumption made
that: S = ^m
and the derived expressions:
Tm - Sp
and : fp « a
are Justified.
In case that the values of Pp found by means of one
of the equations mentioned do not satisfy the other
equation, there is still the possibility of introducing
this value in the second equation and determining a
relationship between Ri, b, Lq, and 1 such that both
equations are satisfied and for which the assumption made
is valid. This would introduce a limitation to the physical
proportions of the pistons for which this development is
useful. The relationship just mentioned would take the form?
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: ball ew neri:t
OX)
(VI)
q a r: terr,eirf7:r
nl ;*n.toq emae elri* X » n lol (SI) cioliBirpe al won II
9uXbv sfliBB ad:t 9vl8 bXfioriE (VX) bna (dX) enolcTai/pa
o8 96 IX Iw Blri;t ^Brict gnlvoiq to tjbw oa ai siorfT .q*I lol
Snio^ OB nl 'il .motdoTiq isXi/oi.:t«tBq b ii:;o g-^^^'-i^.v ^r^f ;Jq9oxe
-i^XBi/oanBitliimle 'ilalitse gl lo sst/Iav 9ri:J isrf;* bnuol el ctl
9bjani notiqmuBZB eri;t ;Jsdi nB9ra nsritf ILLw elri^ tsnol^Bup© rfiJocf
: Bnoi.aa6«tqx9 bevlieb Qcii bciB
q3 r mT
B z ql :bnB
.bslllcteiJt 91JB
eno lo gnBQra -^cf bnijo*! q*I lo 89wIbv ed;J :JBrf:t 9aB0 nl
isdcto 9d:t ^leldBB ion ofo bsnolitnain enol^fli/p© an'cT lo
SnXoijboi;tnl lo ^ilXlcfiaeoq sai LlltB el 9i9ri;t ^aoliaupe
B 3nlnlxa'i9;t9b bns aoliBupe bnooae sdct nl ©wXbv aldi
ditod ;JBdi rioue X bne ^^J ,d ^iH n99w:t9d qldBnolctsX9'x
ebam noI^JqnioEeB ecii doldn lol bna bsl'lalvfae 91B enol^fa^pa
iBole^dq 9d;t o* nolcts^JliclI a 9ouboiJal blijow eldT .bllav b1
el :tn-imaoX9V9b ztd:i r{2t&?r rro^ srfoctelq odct lo anoliioqcnq
iffliol 9dJ 9iiB:l bI.uow bsnoUne-m jbi/^ 4J.ri8nolcfal9i 9dT .luleeu
VI
/4Aai\, 0/im <.<- -^ tra b^ tc. l «, —r—; ——;;———
,
On , ,
^> . , t
' i- .^MdJldk^ (18)
5. Partial solution using T^.
On the light of previous conclusions, the solution is
now
:
/ / * / M
Q^fiZL^'^ ij^^^y — ^^^^JJ^oUr'') (19)
>M -( f-'




' ^ lo^iyL.)!^^^.) -i- F^VoC/roJ (20)
and since: ^ c
and : d> - t - To.
we find, for the disk:
iM - f ^ - I
and for the barrel:
6. Superposition of sinusoidal variation.
In order to superimpose the effect of the sinusoidal
fluctuation of the gas temperature about a mean temperature










el naliJnIoe ai^-t jBnolBtflorroo ei/olvaiq lo (tdgll ©dd aO
swoq
*- «k I* Kf
( 02) ^U^')oN ^^ ^ U ^Vol.\(* -^ - ^) -«^ c^"^ " ' ' ^3 <* J^^ ^ <|>
(12)
joT - :j -
^
: bns
:?ialb 3ci^ nol ,&nll 9W
rlsiiBcf 9d;J lol bns
(SS)
.noldBiiBv fBb^oeimle 1o nol:tlBoq'i9qi;£ ^d
labloeunie edit lo :to. xx-= r.nj ^c;i--..im.ti9qx;6 o;t 'isbio nl
etudjBieqfliact nBew b ^twocfB eturrfBiaqms^ eeg ©rf:f lo no l;tBt/;Jojjil
traiol bsllllqinie a nl (IS) nolcfaupe evocfs orirf t^^T
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after a quarter of a cycle, or at T*^ we find that:
~r<\AS ' '^ -^ 'o />t^ J T r, T"
Tc^s - T. -^ ^
therefore:
If this were put into equation (21) it would give an
answer corresponding to the situation where this new
temperature would have been imposed on the piston since
time zero.
To avoid this, instead of
s
X> '<u^ J~>i'^ (23)
use the following expression given by M. Jakob and G. A.
Hawkins (7):
To e .<u/wv (-en-nr
-J y ir / (24)
where:
Tq is the amplitude of the oscillation at the surface
of the disk;
e accounts for damping effects along z, and
_. y^ accounts for the change in phase along z.
The above expression v;as given for a' thick plate sub-
jected to conditions similar to those of this problem. Even
if in this case the disk may perhaps not be considered a
thick plate, it is felt that this equation will yield a
fairly good approximation if it is considered that it is
common knowledge that the effects of fluctuating surface
temperatures do not penetrate to any great extent beyond
the surface exposed. In this particular case this effect
is further minimized by the fact that the fluctuation of
temperatures is very rapid.
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i:isidi bciti 9w J^* "T" ^b io ^^loxo b to leiiBup b *i9ilB
^ rf'i ^ /«>**, O *''•«' ' * >. jft pi
o"^ -^ -cT 5^
J, ^ . i
2eiol9ieri:t
aa 9vJs bliiow -tl (IS) nol;j£jjp9 odnl ;Jijq aiew elricf II
wen eiri;* a*x9d»r nolrffiwctle ©r^:* •—* Snlbnoqee'r - -^ 'T9wena
eonle noielq ari;;^ no beeoqoil nsecf &vBd bluoir e-iud Bi9qnie;t
.oiss 9£c:l:t
^lo 5B9ieni tsirict blovB oT





©OAlitm 9d^ i& noljtBlIIoeo ed^ lo ebuillqniB sdcf el qT
f-na ^5 snolB a:ice11e ^ntqmBb lol ectrrt'oonB "** ^ a
.5 gnols 9EBdq nl 9snBdo srid- lol ectnx/oooiJ '^^ j_
-di/a e^sXq ^otdi a lol nevls bbw noleesiqx© ©vodB 9riT
nev3 .meXcfoTj eJtd:? lo seodi oct iBllmtz Bnotilbcioo oi beioel
B bei&blenoo ed ion sqa:ri3q ^fltir ^tl.b ed^ eeao tldi nl 11
a blai'^ IIlw aolctBwps ztd^ ctBdtf itlsl el ;*! ,eifllq aioldi
el cTl :Jsd;t beiQblenoo el ;tl Iri nol;Jam.txoiqqB boog '^C'^ilal
©OBlijje snld-Birc^OJjIl lo e.-toslia :j:.J dadj e^beIv/on.'« norcmoo
baox^d ia&ixe ctaaig ^na o:t ©d^aicf sneq cton ob eeiirctaieqmed
^tool*):© eldi bbbo iBlrroJtdiaq eld;* nl *b9eoqxe 90B*lijje odd
lo nojt^JBudouI JL :t .o oj^i^J cToa'l odd y^' bQ&lmlntm leridiul e1
. blqai TJT9V bI ssnwctaisqmed
Prom equations (23) and (24) It may be seen that what
happens at the surface at time zero will have Its effect
at a depth z with a time lag of:
The addition of the term expressed In equation (24)
will affect in equal form both the equations (21) and (22),
Since for the barrel the values of z will, with the excep-
tion of its topmost part, be far greater than those for
the disk, this effect will only be perceptible In Its
upper section.
Including equation (24) into equations (21) and (22)








It is realized that the results obtained are not rigoroua
but it is felt that they constitute a fairly good approxi-
mation to the actual temperature distribution in the piston.
Rirther work might be done on the subject by solving
an actual problem in order to check the practicability of
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ctBriw jBd^ a998 90 •, '•< •' * '^S) bp.ii iinolJB^jpfj mu'i'i
ioelle s;tl svBri IXiw oiss 6flii;t ;fa eoalixre erii Jb eneqqari
:lo SBl sifllcf JB ri^Iw s dcfqeb a ;tB
(*2) nol;tBjjp9 al beeeeiqxe rpi9.-t erlct to aoI.:tib5B erfT
.(22) bciB (12) enolcfBups e-f ol Lsupe ai .toella IXlw
-qeoxe erf^ rfiJlw tlXlw s lo &QuiBv eri^t Xaiisd erfct lol 9onl8
•xol aBod.1 nBd:J is^Jasig n&l ed ,:tiBq iJeofflqod" ectl lo nol.i
e*X n2 eXcfl^fqeoieq 9cf ^Xno XIIw itoell© eld* ^a/elfa ©ri*
nold^oee leqqu
(22) bna (X2) enolctBi/pe ocfaX (i^2) nolctaups snlbi/Xonl
:;tXi/«et XBnlt b eB evBri ew
•tifelb ©d;?- lo*?
4- ( "^ ^ \ ^ ^^^ -^
:X©iiBcf eci:i lo'^i
• enolsjjXonoO .V
•i/oiosJti ioa ©IB benXB^Jdo e^tXwee'i 9ri;t itacii b©sIXB©i tl il
-IxcrqqB boog -^XilBl b ©^u:tt:tBnoo ^©cl;t ^bcH d-X©! b2 ;ti ;tAAi
.noiexii .'J^f nl noXtfi/cil'id'eXb ^uujB'iaqtns^t iBuioB ecii oi noXitam
SnivXoe '^cf ioeldue ©ric^ no ©aob scf ^txiglm siiovr lediii/i
lo \;;tIXicfBcslvtoB'Tq ©rf;t ioedo oct «i©bio nl msXcfoiq XauctoB hb
OS
the method used to determine Pp. By actual experiment on
an engine the overall results of this work could he tested




be:tB9ct ecf bluoo liioM eldJ 'io ecriusei IlBievo 3ii.-t eniana hjb
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To find a general solution to Fourier^ s Law of Heat
Conduction for the case where the temperature should be
analyzed in the unsteady state for a body best described
in terms of cylindrical coordinates, we use:
Assume:
^ ._ ^ ('^ ) * /^ (/t) - f (^ J
then;
0^^ <Xt ' a ckn?- a,/? Ji^ i. d^^ (2)




Equation (3) may be rearranged as:








b&cflioseb ieecf Y^ocf jb lol e;t£:J^B icbBa^tenu aiict nJt bes-^Ijaaa




^BDi ew tealdsliBv ^tnsbnsqabal eiB T bns ,s ,1 eofxlS
(5) "^- , ^^ L ^^ \
J'.^ 5^^, ^A >
(5) « 1 X ^^ I
:ea begnBiiBei dcf '^jara (5) aol3&up^
^ib ^ Via
• oi©5 labno lo bnlj/ ;tBill 9cii to not:iBup& e'leeeaa el rfolrfw
p,^.
Then: 1^ ^ R CT^U'v) f 3 KU^) (6)
Equation (4) may be rearranged as;
which yields : ?^Ccr>4-i + «^ '**-» ^v (7
)
Equation (5) may be rearranged as:
which yields: ^ = E e (8)
But, since: t = & ^ ^ * 2
we find using equations (6), (7), and (8), that:
In this equation the constants a, b, A, B, C, D, and
E must be found so as to satisfy the boundary conditions
of the specific problem involved.
O) U*^«N £+U*)«i>f\= ST :ne£fp
^k
(V) ,^,.:*ivCL4.^^<^;^.^ : zbLstx dotrtK
res begnBiiBsi 9cf ^bki (3) noliBjjpa
(8) 3 B - 9 teblei-^ riolriw
S » ^ -. ^ = j :eonia ,iija
:;jBdct 4(8) bnB ,(V) ^(o) enol^tsupa gnleu bnll ew
|^Ui»).V S* c^^^oX^^'^^^^^^cL
^ ^Acv^d\ 3 5 '. j
bnB ^a ,0 »a tA <a ,b b jirii^'Baoc ari^t aoicTjejjps elrid" nl
enol;tlbnoo -^Bbnuocf erf* ^TelctBe o;J eb ob bni^ol scf ;tejjnr 3
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